ABSTRACT: Direct-fed microbials (DFM) supplemented in sow diets may confer health benefits to the host and their piglets by reducing pathogens in the sow and environment. In this study we evaluated the effect of a Bacillus-based DFM on the gastrointestinal microbiota of neonatal piglets. A total of 208 sows were divided into 2 treatments: a control diet and the control diet supplemented with a Bacillus subtilis-based DFM (3.75 × 10 5 cfu/g feed). Twenty-one piglets sampled from each sow treatment group were euthanized on d 3 of lactation followed by an additional 15 piglets per treatment on d 10 of lactation. Litters from DFM-supplemented sows had greater (P = 0.02) weaning weights and a tendency (P = 0.09) for improvement in litter ADG. Sows supplemented with the DFM weaned more pigs (P = 0.06) than control sows which was reflected in numerically lower but not statistically different (P = 0.12) decrease in piglet mortality in DFM litters. Terminal RFLP was used to characterize gastrointestinal (GI) microbial populations in the ileum and colon of the piglets. Terminal restriction fragments (T-RF) were compared between control and DFM treatments. There was a greater incidence and quantity of T-RF B423 and H330 (binary P = 0.01, 0.08; quantitative P = 0.01, 0.05, respectively), putatively identified as Lactobacillus gasseri/johnsonii, in the ileum of pigs nursing sows supplemented with DFM at d 3. Terminal restriction fragment peaks B423 and H330 were also greater (binary P = 0.01, 0.08; quantitative P = 0.01, 0.01, respectively) in the colon of pigs nursing sows supplemented with DFM at d 3. Peaks M495 and B394, putatively identified as E. coli, were greater (binary P = 0.01, 0.04; quantitative P = 0.01, 0.01, respectively) in the colon of the control pigs at d 3. At d 10, both the presence and quantity of Lactobacillus species were greater (P < 0.05) in the colon of pigs with the DFM treatment. Additionally, there was a tendency for T-RF B227 and H257 (binary P = 0.07, 0.07, respectively), putatively identified as Clostridium perfringens, to be present in the ileum of the control pigs at d 10 compared with treated pigs. Results of this study reveal that the developing gastrointestinal microbiota of a neonatal piglet can be affected by DFM supplementation to the sow.
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INTRODUCTION
Supplementation of direct-fed microbials (DFM) into animal diets can have several benefits to the host, including enhanced health status, immune regulation, and increased performance factors (Weese et al., 2008) . In the swine industry, DFM are being investigated for their health-promoting benefits and to reduce the use of costly antibiotics currently used in animal diets. The supplementation of a DFM in the sow diet may reduce pathogen shedding in the sow, decrease pathogen load in the environment, and confer additional health benefits to the piglet through fecal-oral transmission.
The gastrointestinal (GI) tract of a neonatal piglet is sterile at birth and is colonized by bacteria acquired from both the mother during birth and by exposure to bacteria from the environment (Mackie et al., 1999) . The environmental conditions surrounding the piglet shortly after birth can have an impact on the structural development of the GI microbial community (Thompson et al., 2008) . Neonatal scouring in baby piglets caused by Clostridium perfringens and Clostridium difficile commonly affects piglets approximately 3 to 7 d after birth. Clostridium from the sow and the environment poses a high risk for the incidence of scours due to the underdeveloped piglet GI microbiota. Clostridia are spore-forming bacteria that persist in fecal matter and the environment, increasing the chance of exposure to the piglet. Clostridial scours can lead to decreased litter performance and preweaning mortality and is an economic challenge for commercial swine production (Songer and Uzal, 2005) .
The Bacillus-based DFM used in this study was developed to aid in the prevention of clostridial scours in neonatal piglets, and the strains were selected on the basis of their ability to inhibit C. perfringens and C. difficile in vitro (Baker et al., 2010) . The objective of this study was to evaluate changes in the GI microbiota of neonatal piglets who nursed sows supplemented with a Bacillus-based DFM.
MATERIALS AND METHODS
This experiment was performed at a commercial farrowing facility in central Indiana. Animal management and euthanization procedures followed the recommendations in Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 2010) .
Animals and Experimental Diets
Two hundred and eight mixed-parity sows, including some gilts, were fed 1 of 2 dietary treatments during the gestation and lactation periods. One hundred and four sows were fed standard corn-soybean meal-based control diets during gestation and lactation, and the additional 104 sows were fed the control diet mixed with a DFM containing 2 strains of Bacillus subtilis spores (3.75 × 10 5 total cfu/g feed; DuPont, Waukesha, WI) for 6 wk before and throughout the lactation period. The diets were formulated to meet or exceed the nutrient requirement recommendations of the NRC (1998). The sows were blocked by parity, and treatments were distributed in a randomized complete block design. Antibiotics were excluded from the experimental diets, and creep feed was not given to piglets during the lactation period. Piglets were cross-fostered within treatment at farrowing to obtain similar litter sizes. The lactation length was targeted at 21 d, but lengths from 18 to 25 d were included in the data set. The health status of the herd throughout the trial remained high, and there were no visual indications of clostridial scours in the piglets throughout the experiment.
Sow and Piglet Performance
The following metrics were collected from sows and their native litters before cross-fostering: BW change during lactation, sow feed intake, wean-to-estrus interval, number of piglets born and born alive, stillborns, and mummies. Sow BW during lactation was calculated from a subgroup of 41 sows weighed postfarrowing. Postfarrowing BW were used to derive a regression equation estimating lactation loss/gain. Initial prefarrowing BW were determined to be the best predictor of postfarrowing BW by stepwise regression using the equation y = 35.9753 (SE 33.3710) + 0.8413x (SE 0.0620), r 2 = 0.8254, where y = postfarrowing BW and x = prefarrowing BW. The length of lactation ranged from 18 to 25 d; therefore, changes in sow lactation BW were expressed as a total and per day of lactation length. Average sow daily feed intake was determined over the lactation period on the basis of feed drop information.
Initial and weaned litter size, litter birth and weaning weights, litter ADG, and preweaning mortality (PWM) were recorded for both piglet litters and individual piglets from DFM-treated and control sows. For individual piglet performance data, a subset of 523 piglets was weighed individually from litters nursing DFM sows (n = 50) and control sows (n = 48) to evaluate litter variation.
Gastrointestinal Bacterial Community Analysis
One piglet per treatment litter from randomly selected litters was euthanized on d 3 of age and d 10 of age from each farrowing group to assess the GI microbial populations in the ileum and proximal colon tissues. Sampling occurred in as many as 4 farrowing groups as needed to obtain adequate replication for a total of 21 piglets/treatment on d 3 and 15 piglets/treatment on d 10. Tissue samples from the piglets were taken 15 cm proximal from the ileocecal junction and 8 cm distal from the spiral colon. Intestinal samples were kept intact and tied closed on the ends with string to preserve the microbial populations. Each sample was placed into a Whirlpak bag (Nasco, Fort Atkinson, WI) containing 10 mL of sterile saline and was immediately placed on ice. Samples were held on ice for further processing the next morning.
The GI tissue samples were rinsed with buffered peptone water (BPW) to remove intestinal contents and were dissected longitudinally. Tissue samples were diluted in BPW, masticated, and plated onto selective media for the isolation of C. perfringens using Perfringens Agar Base (Oxoid Ltd, Cambridge, UK) with Tryptose Sulphite Cycolserine (TSC) supplement (Oxoid Ltd) and 5% egg yolk emulsion. The sample suspensions were plated using a Spiral Autoplater 4000 (Spiral Biotech, Bethesda, MD) and incubated under anaerobic conditions for 24 h at 37°C. The remaining sample was centrifuged at 10,000 × g for 10 min at 10°C, and the bacterial pellet was resuspended in Tryptic Soy Broth (Becton, Dickinson and Company, Franklin Lakes, NJ) supplemented with 10% glycerol and stored at -20°C for subsequent terminal RFLP (T-RFLP) analysis (Liu et al., 1997) . After incubation, the bacterial colonies were enumerated using an automated colony-counting system (QCount, Spiral Biotech), and Clostridium counts were reported as colony-forming units per gram of tissue for d 3 and 10.
The mucosal GI microbial community was characterized in the ileum and colon tissue samples using T-RFLP. The DNA was extracted using a phenol/chloroform isolation procedure. Before DNA isolation, 250 μL of starting material was washed twice with Tris-EDTA buffer (10:1, pH 8.0). The cells were lysed with 10 μL of 100 mg/mL lysozyme for 30 min at 37°C followed by incubation for 30 min at 37°C with 10 mg/mL of proteinase K. To ensure complete disruption of the bacterial cell walls, lysates were incubated for 5 min at room temperature followed by 5 min at 60°C with one half volume of SDS (10% solution in dH 2 0). The samples were extracted in an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1 buffered with Tris-EDTA 10:1, pH 8.0), and the aqueous phase was further purified using the HighPure PCR Template Preparation Kit (Roche Applied Sciences, Indianapolis, IN) following the manufacturer's protocol. The 16S rDNA was amplified with a 6-carboxyfluorescein-labeled Eub-8F-YM forward primer (5′-6-FAM-AGAGTTTGATYMTGGCTCAG) and Eub-785R reverse primer (5′-ACTACCRGGGTATCTAATCC). The PCR reactions were set up in 25-μL reactions containing 0.5 µM of each primer, 1.4 mM each deoxynucleotide triphosphate (Roche Applied Sciences), 10 µM tetraammonium chloride, 1 unit of Platinum Taq Polymerase (Invitrogen, Carlsbad, CA; supplied with 1X PCR buffer and 1.5 mM MgCl 2 ), and 2 μL of genomic DNA. The PCR conditions were as follows: 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, 55°C for 30 s, 72°C for 4 min, and a final extension at 72°C for 7 min. Triplicate PCR reactions were pooled and purified using the PureLink 96 PCR Purification Kit (Invitrogen). The PCR products were run on a 1% agarose gel to verify there was sufficient amplification of all samples, and 50 ng of PCR product was digested individually with 10 units of BstUI, HaeIII, or MspI (New England Biolabs, Ipswich, MA). Terminal restriction fragments (T-RF) were separated using a capillary automated sequencer (Core Sequencing Facility, University of Illinois at Urbana-Champaign, Urbana). GeneMapper 4.0 (Life Technologies Corporation, Carlsbad, CA) was used to normalize sample variation within the project using the sum of signal algorithm. Terminal restriction fragment alleles were binned at a width of 1 bp, and the minimum peak amplitude threshold was defined as 250 to minimize the calling of false peaks due to background noise. Binary and quantitative data were analyzed to determine individual T-RF peaks associated with dietary treatment for each sampling time. Binary data were defined as the average of the presence or absence of a T-RF (0 = not present, 1 = present), and quantitative data represented the mean relative fluorescent units of the T-RF among the samples. Terminal restriction fragment peaks that differed between treatment (P < 0.1) were putatively identified by an in silico digest of high-quality 16S rDNA sequences deposited in the Ribosomal Database Project (Cole et al., 2005) using the Online Microbial Community Analysis software (Shyu et al., 2007) .
Statistical Analysis
Sow, litter, and individual piglet performance data were analyzed using the MIXED model (SAS Inst. Inc., Cary, NC). Direct-fed microbial treatment was used as a fixed effect for performance analyses. The fixed effects of DFM treatment, GI tissue section, and treatment × section interaction were evaluated for each sampling time for analysis of intestinal Clostridium counts. Farrowing group was defined as a random effect in the model for analysis of both pig performance and Clostridium counts. Treatment means were separated using the PDIFF option of LSMEANS in PROC MIXED when warranted. Binary and quantitative T-RF peak heights were analyzed using the nonparametric Kruskal-Wallis test of SAS.
RESULTS

Animal Performance
Daily feed intake, prefarrow BW, predicted postfarrow BW, weaning weight, and wean-to-estrus interval did not differ (P > 0.1) when comparing control and DFM-supplemented sows; however, DFM-treated sows tended (P = 0.07) to gain less BW during the lactation period compared with control sows (Table 1 ). The lactation period ranged from 18 to 25 d in length; therefore, when lactation BW gain was expressed as kilogram of gain per day, the significance of this tendency was lost (P = 0.11). Direct-fed microbial supplemented sows farrowed more (P < 0.05) total pigs and pigs born alive than control sows ( Table 2 ). The number of stillborn and mummies did not differ between treatments (P > 0.1).
Litters nursing DFM-supplemented sows had greater (P = 0.02) weaning weights compared with the litters nursing control sows (Table 3) . Although initial litter weight was also greater (P = 0.01) for litters nursing DFM-supplemented sows, the improvement in litter weaning weight was at least partially due to the tendency toward an improvement (P = 0.09) in litter ADG of litters nursing DFM-treated sows compared with the control litters. Sows supplemented with the DFM tended to wean (P = 0.06) more pigs than control sows, and this response was reflected in numerically lower, but not statistically different (P = 0.12), piglet mortality with piglets nursing sows supplemented with the DFM.
Piglet performance determined by weighing pigs individually from a subset of 50 litters from DFMsupplemented sows and 48 litters from control sows is displayed in Table 4 . No differences (P > 0.1) in piglet performance (weaning weights, ADG, litter size, and mortality) were observed between treatments when analyzing the data from this subset of litters. The CV associated with individual piglet BW within litter was less (P < 0.01) in litters from sows supplemented with DFM compared with control litters. Although there was no difference (P > 0.1) in CV between DFM-treated and control litters at weaning, the CV increased in value by 2.5 in litters from DFM-treated sows compared with initial litter CV, whereas this value decreased by 1.05 in control litters.
Characterization of the Gastrointestinal Microbiota
There was a trend approaching significance (P = 0.12) for intestinal Clostridium counts to be reduced in the ileum and proximal colon of 3-d-old piglets nursing DFM-supplemented sows compared with control sows (Table 4) . Clostridium counts in the intestinal tract of the piglets at 10 d of age did not differ between DFM and control piglets.
Overall, there was no difference in the total number of T-RF peaks derived from the ileum or colon of pigs nursing sows supplemented with the DFM compared with pigs from the control sows at d 3 or 10 (data not shown, P > 0.10). There was an increased incidence and quantity of T-RF peaks B423 and H330 (binary P = 0.01, 0.08; quantitative P = 0.01, 0.05, respectively) in the ileum of piglets nursing sows supplemented with the DFM at d 3 (Table 5 ). Putative identifications of these T-RF were Lactobacillus gasseri or Lactobacillus johnsonii. Other T-RF with increased presence or quantity (P < 0.10) in the piglets nursing sows supplemented with the DFM were putative Lactobacillus other lactic acid bacteria. Additionally, there was a tendency (binary P = 0.08) for T-RF peak B390 to be present in more pigs nursing control sows. The database matches for T-RF B390 included E. coli, Pasteurella spp., and Salmonella spp.
Terminal restriction fragment peaks M187, B423, and H330 were present in the colon of more piglets nursing sows supplemented with DFM at d 3 (binary P = 0.07, 0.01, 0.08, respectively; Table 6 ) as well as in greater quantities (B423 and H330 quantitative P = 0.01) than in control piglets. All 3 T-RF peaks, derived from multiple restriction enzymes, were putatively identified as bacterial matches to L. gasseri or L. johnsonii. In the control treatment, T-RF peaks M495 and B394 were found more frequently and in greater quantity (binary P = 0.01, 0.04; quantitative P = 0.01, 0.01, respectively) than in pigs nursing sows supplemented with the DFM. The putative identifications for these peaks were E. coli, Pasteurella spp., and Salmonella spp. Other T-RF found in the control treatment included database matches to Clostridium 2 Prefarrow and postfarrow weights: n = 102 for DFM-treated and control sows; weaning weight, total BW loss, and lactation BW loss: n = 98 for DFMtreated and control sows; daily feed intake: n = 99 for DFM-treated sows and n = 101 for control sows; wean-to-estrus interval: n = 91 for DFM-treated sows and n = 95 for control sows.
3 Outliers were defined as any data point plus or minus 3 SD from the mean 4 Control sows were fed a standard corn-soybean meal-based diet. The DFM-treated sows were fed the control diet supplemented with 3.75 × 105 cfu Bacillus/g of feed for 6 wk before and throughout lactation.
5 Initial prefarrow BW was determined to be the best predictor of postfarrow BW using stepwise regression analysis (n = 41) with the equation y = 35.97553 (SE 33.3710) + 0.84127x (SE 0.0620), r2 = 0.8254. 6 Lactation BW gain was calculated as the difference between sow weaning weight and predicted postfarrow BW.
7 Lactation period ranged from 18 to 25 d; therefore, lactation BW gain is expressed per day of lactation length.
8 Average feed intake over lactation period estimated on the basis of feed drop calculations.
9 There was no effect of lactation length on wean-to-estrus interval. spp., Bacteroides spp., Prevotella spp., Eubacterium spp., Butyrivibrio spp., and Mycoplasma spp.
Terminal restriction fragment peaks B247, H245, and H263 were present in greater quantities (quantitative P = 0.03, 0.05, 0.04, respectively; Table 7) in control piglets than in piglets nursing sows supplemented with the DFM in the ileum at d 10. These T-RF peaks matched a consortium of bacterial genera in the database. There was a tendency for peaks B227 and H257 (binary P = 0.07, 0.07, respectively) to be present in the ileum of the piglets at d 10 in more control piglets than piglets nursing sows treated with the DFM. The putative bacterial identifications for peaks B227 and H257 were Clostridium perfringens.
There were 17 T-RF peaks found in greater presence or quantity in the colon of pigs nursing sows supplemented with the DFM compared with control piglets at d 10 (Table 8 ). Ten of these T-RF peaks matched only Lactobacillus species or other lactic acid bacteria in the database. The presence of 2 T-RF peaks (B423 and H330) putatively identified as L. gasseri or L. johnsonii was also greater in pigs nursing sows supplemented with the DFM (binary P = 0.02). Eight T-RF peaks (M134, M168, M260, M430, B62, H178, H200, and H235) were found in greater quantities (quantitative P = 0.02, 0.07, 0.07, 0.04, 0.01, 0.03, 0.04, 0.02, respectively) in the control piglets, and they had possible bacterial matches to Eubacterium spp., Bacteroides spp., Streptomyces spp., and Clostridium spp., in addition to several other bacterial species.
DISCUSSION
The aims of this study were to assess growth performance and changes in the GI microbiota in piglet litters from sows supplemented with a Bacillus-based DFM.
Bacillus subtilis is a Gram-positive bacterium commonly found in soil. It has the ability to form endospores, which enables the bacterium to remain viable through the high temperatures of animal feed pelleting and stable for long-term storage. Studies have shown that Bacillus species fed as spores can resist the acidic conditions in the stomach and are able to germinate in the GI tract of chickens, mice, and pigs (Casula and Cutting, 2002; Cartman et al., 2008; Leser et al., 2008) . There are several proposed modes of action for probiotic strains of bacteria. The Bacillus strains used in this study were selected on the basis of their ability to inhibit the growth of Clostridium perfringens and Clostridium difficile (Baker et al., 2010) , which are significant causes of scouring in neonatal piglets. Bacillus species are known to produce several antimicrobial compounds, including bacteriocins, lantibiotics, polyketides, nonribosomal peptide synthetases, and siderophores (Katz and Demain, 1977; Stein, 2005) . In many Gram-positive bacteria, including Bacillus, these antimicrobial compounds are particularly effective at the inhibition of phylogenetically related bacteria, as they give the bacterium a competitive advantage in their niche environment (Jack et al., 1995) . Other well-documented modes of action include competitive exclusion of intestinal pathogens and modula- 2 Values are mean of litters nursing sows supplemented with a DFM (n = 103) and litters nursing control sows (n = 102).
3 Control sows were fed a standard corn-soybean meal-based diet. The DFM-treated sows were fed the control diet supplemented with 3.75 × 10 5 cfu Bacillus/g of feed for 6 wk before and throughout lactation. 2 Outliers were defined as any data point plus or minus 3 SD from the mean 3 Lactation length ranged from 18 to 25 d. 4 Control sows were fed a standard corn-soybean meal-based diet. The DFM-treated sows were fed the control diet supplemented with 3.75 × 10 5 cfu Bacillus/g of feed for 6 wk before and throughout lactation.
5 Change in CV = 2.5 for piglets nursing DFM-treated sows and 1.05 for piglets nursing control sows.
6 Clostridium counts (log 10 ) in the ileum and colon of piglets nursing sows supplemented with Bacillus (n = 21) and piglets nursing control sows (n = 21) at 3 d of age. Intestinal tissues were plated onto medium selective for the isolation of Clostridium perfringens.
7 Clostridium counts (log 10 ) in the ileum and colon of piglets nursing sows supplemented with Bacillus (n = 15) and piglets nursing control sows (n = 15) at 10 d of age. Intestinal tissues were plated onto medium selective for the isolation of Clostridium perfringens.
tion of the host immune system (Collado et al., 2007; Callaway et al., 2008; Burkey et al., 2009; Willing and Van Kessel, 2009 ).
The piglet gut is sterile in utero and becomes colonized after birth largely by bacteria acquired from the sow and sow feces (Mackie et al., 1999) . The early development of the GI microbiota and colonization by environmental bacteria have long-term effects on the host and immune development of the neonate (Tannock, 2005; Thompson et al., 2008; Mulder et al., 2009) . Additionally, the composition of the individual microbiota regulates host metabolism, growth, and susceptibility to disease (Konstantinov et al., 2006; Turnbaugh et al., 2006; Marques et al., 2010) . The underdeveloped microbiota in the neonatal piglet can allow pathogens such as C. perfringens and C. difficile the opportunity to proliferate, resulting in scours, decreased growth performance, and preweaning mortality. Previous studies in our laboratory documented the transfer of the Bacillus strains used in this study from sow to piglet via the fecal-oral route of transmission and the presence of the strains in the fecal content of the neonatal piglets (Baker et al., 2008) . By supplementing the DFM to the sow, there is a potential to reduce the amount of Clostridium shed into the environment by the sow as well as to decrease Clostridium in the GI tract of the piglet as it is inoculated with Bacillus from the environment. Although this study was performed in a swine herd with high health status, Clostridium populations were reduced in piglets nursing sows supplemented with Bacillus, indicating that microbial colonization shifted in the piglets. Therefore, administration of the Bacillus DFM to sows may be beneficial to piglets even when visual signs of scouring are not present.
The performance benefits from the supplementation of DFM have been well documented in several livestock species, including pigs, chickens, and cows (Alexopoulos et al., 2004; Taras et al., 2006; Su et al., 2008) . Many of the studies in pigs have assessed DFM supplementation for postweaning diarrhea and as growth promoters in grow-finish swine (Casey et al., 2007; Bhandari et al., 2008; Pieper et al., 2009) . There are few studies that have focused on DFM supplementation to the sow with the objective of improving piglet litter performance or resistance to disease; however, lower preweaning mortality and greater weaning weights in piglet litters from sows supplemented with Bacillus and Enterococcus faecium have been reported (Alexopoulos et al., 2004) . The improvements in litter weaning weight, ADG, and decreased piglet mortality in litters from sows supplemented with Bacillus may be partially attributed to a decrease in the pathogen challenge from the environment to the piglets. The reduced CV in piglets nursing sows supplemented with DFM indicates more uniformity in these piglets and less litter variation in piglet BW. In addition, some improvements in performance from DFM-treated sows were noted, such as the tendency to gain less BW in lactation and to farrow more live pigs. The latter may be a reflection of conception rate that occurred before treatment, as the Table 5 . Increased incidence and quantity of terminal restriction fragments (T-RF) differing in the ileum between piglets nursing sows supplemented with a direct-fed microbial (DFM) compared with piglets nursing control sows at d 3 1 Terminal restriction fragment peaks and corresponding means were reported if they differed between treatments by P < 0.10. 2 Terminal restriction fragments were defined by restriction enzyme (B = BstUI, H = HaeIII, M = MspI) and T-RF size (bp). 3 Mean binary presence of T-RF and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 21). 4 Mean T-RF peak height (relative fluorescent units) and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 21).
5 P-value representative of T-RF difference between DFM and control treatments. Binary data were analyzed using the Kruskal-Wallis test.
6 P-value representative of T-RF difference between DFM and control treatments. Quantitative data were analyzed using the Kruskal-Wallis test.
7 Putative T-RF bacterial identification with in silico restriction digests of high-quality 16S rDNA sequences in the Ribosomal Database Project using the Online Microbial Community Analysis software (MiCA3, Department of Biological Sciences, University of Idaho; http://mica.ibest.uidaho.edu).
DFM was only supplemented 6 wk before farrowing; however, composition of the maternal microbiota is important as it is the first inoculum the piglet will receive at birth. Evidenced by the treatment differences in the intestinal microbiota of the neonatal piglets in this study, it is plausible to consider that some of these differences may also be attributed to maternal microbial composition, and further research in this area is warranted.
Multiple mechanisms may exist by which supplemented Bacillus may alter the swine gut environment, and such effects are evidenced by shifts in the bacterial populations present in this study. The total number of unique T-RF did not differ between treatments at any sampling point; however, there were more unique T-RF in the ileum than the colon and at d 3 compared with d 10. The number of bacteria in the GI tract increases from the stomach to the colon, with the large intestine containing approximately 10 10 cfu/g of content and serving as the primary site for fermentation (Mackie et al., 1999) . The complexity of the GI microbial community also increases with age, and thus, the microbial populations appeared to have the most pronounced separation between treatments in the colon of the piglets at d 10, as determined by the number of unique T-RF to each treatment.
At d 3 in the ileum and colon of the piglets, T-RF peaks putatively identified as L. gasseri or L. johnsonii were greater in pigs nursing sows treated with Bacillus, and by d 10, these same T-RF were present in the colon of all of the DFM-treated pigs that were sampled. The likelihood that the T-RF in the DFM-treated pigs represented L. gasseri/johnsonii was supported by the presence of T-RF derived from 3 restriction enzymes and the lack of other potential bacterial database matches. Table 6 . Increased incidence and quantity of terminal restriction fragments (T-RF) differing in the colon between piglets nursing sows supplemented with a direct-fed microbial (DFM) compared with piglets nursing control sows at d 3 1 Terminal restriction fragment peaks and corresponding means were reported if they differed between treatments by P < 0.10. 2 Terminal restriction fragments were defined by restriction enzyme (B = BstUI, H = HaeIII, M = MspI) and T-RF size (bp).
3 Mean binary presence of T-RF and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 21). 4 Mean T-RF peak height (relative fluorescent units) and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 21).
In addition to the prominent correlation of T-RF putatively identified as L. gasseri/johnsonii, other T-RF that were present with more frequency and in greater quantity in the DFM piglets were predominantly identified as lactic acid bacteria. On d 3 in the ileum of DFM piglets, T-RF B417, B548, H240, and H245 all corresponded to putative Lactobacillus species, along with a large majority of T-RF on d 10 in the colon. Conversely, several T-RF that were greater in control piglets were putatively identified as potential pathogenic organisms. In particular, numerous T-RF were putatively identified as bacteria that belonged to the Clostridium genus. In addition, T-RF B390/394 and M495 were greater in the ileum and colon of control pigs on d 3 and likely correspond to E. coli, given the age of the piglets. Other putative species correlated to the control treatment included Bacteroides spp., Prevotella spp., and Eubacterium spp., which are common inhabitants of the swine GI tract. This indicates the control piglets may have faced a greater pathogen challenge that contributed to decreased performance compared with DFM piglets, which were colonized by more beneficial Lactobacillus species.
The presence of certain Lactobacillus species shortly after birth, particularly L. gasseri, may promote a healthier GI microbiota by displacing pathogenic species such as E. coli and C. perfringens. In a recent study by Petri et al. (2010) , microbial succession was followed closely from birth to 20 d of age in the healthy neonatal piglet. The authors reported that species belonging to the Lactobacillaceae family increased with age from birth, constituting 19% of the microbial population by d 3 and up to 50% of the population by d 10. The predominant Lactobacillus species from that study included L. gasseri, L. delbrueckii, and L. amylovorus, which may be important species in early colonization of the neonatal piglet gut. Similar results were also reported in a germ-free piglet model to study necrotizing enterocolitis (NEC), a serious GI inflammatory disease affecting preterm human infants. The study found that the administration of probiotic Lactobacillus strains immediately after birth promoted the colonization of beneficial microbes, and pigs supplemented with probiotics had lower colonization densities of C. perfringens and reduced incidence and severity of NEC (Siggers et al., 2008) . This suggests that early development of the GI tract with beneficial bacteria, such as Lactobacillus, could protect the neonate from diarrheal disease caused by pathogenic bacteria such as C. perfringens.
Data reported in the current study indicate that Bacillus supplementation to sows influences the developing GI microbiota and growth performance of Table 7 . Increased incidence and quantity of terminal restriction fragments (T-RF) differing in the ileum between piglets nursing sows supplemented with a direct-fed microbial (DFM) compared with piglets nursing control sows at d 10 1 Terminal restriction fragment peaks and corresponding means were reported if they differed between treatments by P < 0.10. 2 Terminal restriction fragments were defined by restriction enzyme (B = BstUI, H = HaeIII, M = MspI) and T-RF size (bp).
3 Mean binary presence of T-RF and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 15). 4 Mean T-RF peak height (relative fluorescent units) and SEM in piglets nursing sows supplemented with DFM compared control piglets (n = 15).
the neonatal piglet. The benefits of Bacillus supplementation can be conferred to the piglet through supplementation to the sow, negating the need for administration to individual piglets and resulting in significant labor and cost reductions for swine producers. In addition, supplementation of Bacillus into sow diets is an effective method to reduce pathogen load and establish beneficial bacterial species such as Lactobacillus more rapidly in the postnatal piglet to defend against disease challenges. Terminal restriction fragment peaks and corresponding means were reported if they differed between treatments by P < 0.10. 2 Terminal restriction fragments were defined by restriction enzyme (B = BstUI, H = HaeIII, M = MspI) and T-RF size (bp).
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3 Mean binary presence of T-RF and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 15). 4 Mean T-RF peak height (relative fluorescent units) and SEM in piglets nursing sows supplemented with DFM compared with control piglets (n = 15).
